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EVALUATION

The objective of this effort, which supports RADC TPO 4F.l Solid State
Device Reliability, was to establish optimum cost effective procedures for the
certification of process lines and materials and the baselining of processes used in
the fabrication of standard and custom Very Large Scale Integrated and Very High
Speed Integrated Circuits (VLSI/VHSIC) including those utilizing silicon foundries.
The results of this effort will be used to develop baseline documentation to ensure
that the necessary controls are in place to guarantee the consistency of product.
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As a result of this effort, the following proposed procedures were generated:
o "Vendor Validation" (Al), "Wafer Acceptance" (A2), "Manufacturer and Line
A Certification Requirements for VLSI/VHSIC Assembly" (A3), and "Certification
Requirements for VLSI Microcircuits Facilities and Lines" (A#%). In addition,

¥ guidelines for auditing the Computer Aided Manufacturing (CAM) capabilities and
K¢ process controls of suppliers have been included. The proposed wafer acceptance
Nore procedures have been incorporated into draft Test Method 5007.5 to MIL-STD-883,
"Test Methods and Procedures for Microelectronics," and will be used for DOD and

Industry coordination. Also, the use of Process Control Monitors (test structures),
and Reliability Evaluation Modules (REM) were incorporated into this procedure.

> The proposed new test procedures are considered unique in that they will require
~ the audit/certification of microcircuit manufacturers at the wafer level and will be
- used for standard and nonstandard parts.

The effort was highly successful in satisfying the above objectives and should
cesult in the generation of the documentation and testing required for the military
usage of VLSI/VHSIC. The proposed documents have been presented in a format
which will facilitate the transfer to military documents. The information provided
will form the basis for revising the appropriate sections of MIL-M-38510, "Micro-
circuits, General Specification for," and MIL-STD-883 to make them applicable to
VLSI/VHSIC devices. Future work will be conducted in establishing the test
patterns and testing limits required to implement these procedures.
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PETER F. MANNO
Project Engineer
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INTRODUCTION

1.1

1.2 Background. Recent revisions of the military

:
i;i

Objective. The objective of this program was to develop
procedures for validating process lines, processes and
materials used in the fabrication of standard and custom
VLSI/VHSIC and silicon foundry type devices, to assure that
they are adequately baselined and controlled.

specifications for microcircuits (MIL-M-38510F) and test
methods (MIL-STD-883C) still reflect the philosophy of
assuring device reliability by screening defects, or
potential failures, out of a lot at the end of the
fabrication cycle. The low volume, high complexity and
high costs of VLSI/VHSIC devices make the existing
procedures for screening and qualification too expensive
and time consuming. As device complexity increases,
manufacturers have incorporated computer-aided
manufacturing (CAM) techniques in wafer fabrication, test
and assembly to achieve the process controls necessary for
economic device yields. The use of surrogate devices for
process-monitoring and characterization is now a well
established practice for V.51 circuit manufacturing. The
use of surrogate devices for reliability screening, yield
verification and process qualification is currently the
subject of various investigations. As part of this
contract study, we have proposed quality procedures using
surrogate devices for lot acceptance and silicon foundry
assessment. We have also utilized the experience gained
from the extensive use of CAM facilities at ITT
Semiconductors Wafer Fabrication facility (formerly part of
ITT's ATC/VLSI Technology Division) to develop guidelines
for evaluating the use of CAM in VLSI/VHSIC manufacturing.
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‘ . 2. SUMMARY/DISCUSSION OF PROPOSED PROCEDURES
.
:5“: 2.1 Silicon Foundry Validation (Appendix Al). For custom
oy VLSI, the user is also the device designer, rather than the
“bﬁ device manufacturer. The design and layout of custom
bs¢ chips, as well as the test programs, are the user's
. responsibility. The device manufacturer is responsible for
K design rules and processing. These changing
,j\: responsibilities have resulted in the establishment of
{} "silicon foundry" type device manufacturers. Today both
‘:5 merchant manufacturers and new ventures specifically
oy established for wafer processing custom circuits are in the

silicon foundry business. The custom VLSI device
g specification must clearly define the individual
ﬁ$}j responsibilities of the silicon foundry and the
;" user/designer. In addition to selecting the wafer
manufacturer, the user now has the additional tasks of

ﬂﬂ; selecting the technology, correlating test results and
) resolving responsibilities for yield problems.
o Multiple-sourcing requires the designer to evaluate the

design rules and processes of several suppliers and design
test vehicles as well as the custom arrays, that can be

T processed successfully by more than one supplier.
et The designer's test program organization, combined with the
:j&i evaluation of test insert chips, must be capable of
o resolving interface problems between the designer and the
Ko, foundry. The foundry is responsible for meeting the
P~ specified limits on the D.C. test parameters. The
C) functional test, as well as the correctness of the test
0 vectors, are strictly the responsibility of the design
_: activity. The D.C. interface parameters (power supply,
s inputs/outputs) are the joint responsibility of the
OO designer and the manufacturer.
\ \_‘\
: » The proposed foundry validation procedure (Appendix Al)
T does not attempt to define a standardized test structure
o for wafer acceptance testing. It does define, for MOS
. technologies, a minimum set of process and electrical
o parameters required to determine whether a process (or lot)
O meets the design requirements. Section 5.4 in the
b
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validation procedure defines the characteristics of the
Process Validation Module (PWM) that includes the specified
X electrical and process validation parameters. It also

S includes the requirement for a Reliability Evaluation
Module (REM), but does not define it.

*) 2.2 Wafer Lot Acceptance (Appendix A2)

o 2.2.1 Background. The current Wafer Lot Acceptance
(.- Procedure, (Method 5007.5, MIL-STD-883C), required for
O only Class S devices, is basically a physical trait

: measurement test, which does not address any basic
process or electrical parameters. This does not
. reflect current internal procedures used in the
; semiconductor industry where "Process Control

P Monitors" (PCM) or "drop-in" die are used to verify
b that the process is in specification, regardless of
o the circuit being manufactured. This drop-in would
e indicate if the wafer should be tested or scrapped.
x This procedure will attempt to integrate the use of

PCM, test strips and Reliability test structures into
the Wafer Lot Acceptance process.

" 2.2.2 Introduction. The trend in the semiconductor industry
is towards automation. The goal is a structured

e fabrication process where process equipment is

‘:{: controlled by, and returns data to a host computer.

- The host computer functions include process control,

:‘}f process monitoring, wafer tracking, data analysis and

management.

- To implement the Wafer Lot Acceptance procedure being
proposed, interface of electrical test equipment to a
CAM System is considered the optimum approach. This
e is because a large amount of data (electrical
parameters) will be taken and must be reduced to
meaningful information. This information will

e indicate whether a wafer is accepted or rejected.

-:}, Data management capability is the cornerstone of wafer
T, acceptance.
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Another reason for the use of CAM data management is
that wafer processing is not totally batch or lot
produced. There are steps in fabrication where wafers
are processed independently, leading to variations in
yield from wafer to wafer in one lot. Therefore,
tracking and data collection should be on a wafer
basis, rather than a lot basis. It would then be
possible for a wafer to be accepted, though other
wafers in the same lot were rejected. This condition
is common in the fabrication process.

2.2.3 Philosophy. The proposed procedure (Appendix A2) is a
totally new Wafer Lot Acceptance method. The new
method's philosophy will stress that wafers be
evaluated individually, without dependence on the

L performance of other wafers in that lot. Therefore,
- the new method would be a Wafer Acceptance Procedure.
Secondly, the use of Process Control Monitors (PCM),
test strips and Reliability Evaluation Modules (REM)
. have been incorporated into this procedure. The
evaluation of these structures will determine whether
the wafer is accepted.

2.2.4 Conditions for Wafer Acceptance. Before a wafer
acceptance methodology is instituted in a foundry, the
facility must have CAM in operation. The system must
have the capability of tracking wafers on an
individual basis. Process technicians must be able to
retrieve wafer-related information and enter all
wafer-related information into the system. Automation
of equipment, i.e. CAM system control of process
equipment, is not required.

Electrical test equipment, which performs Wafer
Acceptance testing, must be interfaced to the CAM.
This allows data from Parametric Testers used for
measuring Process Control Monitors (PCM), Test Strip
and Reliability Evaluation Monitors (REMS, and data
from Functional Testers, used in (M2 testing to be
collected by the CAM. This electrical data will be
combined with previously collected fabrication data,
entered during procesing. The CAM system must not
only store this data, it must also organize it. That
is, it must be able to identify the wafer and where on
the wafer the data was collected.
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The enormous amount of raw data generated using a
Wafer Acceptance procedure would overwhelm those who
must utilize it. Therefore, sophisticated data
analysis software must be resident in tre CAM system.
This software correlates the data from different o
sources, analyzes and characterizes the data, in a .
reasonable time, so that accept/reject decisions can r
be made for each wafer. Coordination and correlation
of parametric and physical data is mandatory for the
institution of this procedure. The foundry must not
only demonstrate control of the process, but also
control of the data.

N R SO

2.

In-lire quality control procedures must also be used
and require that results be entered into the CAM
system. Only when the wafer has met all the
manufacturer's quality criteria during fabrication can
it be submitted for Wafer Acceptance Testing.
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2.2.5 Description of Modules

2.2.5.1 Process Control Monitor (PCM). Five PCM chips or
Drop-in Test Circuits (DITC) are located on each
wafer. Typical locations of these PCMs would be
one in each quadrant and one in the center
(Figure 1, Pg. 40). The PCM will contain an
extensive collection of test structures to enable
complete characterization of the process. A
table of recommended parameters and typical
structures is shown in Table 1 (Pg. 36 - 37,.
Included in the PCM are the identical structures,
electrical parameter category, contained in the
Test trip. Also included would be physical
parameters, global defect parameters, circuit
function and Reliability structures.

2.2.5.2 Test Strips. A test strip is a collection of
structures placed in the kerf or scribe lane
beside each die on a wafer. The test strip
contains all structures required for electrical
parameter measurements shown in Table 2 (Pg. 38),
connected to probe pads for wafer probing.
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2.2.5.3 Reliability Evaluation Module (REM), These
structures shall provide an assessment of process
stability as a function of time. Ideally, these
structures would be designed for accelerated
stress testing such that all Reliability tests
could be performed on wafer. If this were not
possible, the REMs would have to be removed and
packaged for testing. The REMs should preferably
be located in the same areas as the PCMs.
Depending on the structures designed, it could be
possible to place the REM inside the PCM with an
inner ring of probe pads similar to Figure 2 (Pg.
40). These probe pads could then be bonded if
required for tests requiring packaged samples.
Suggested Reliability parameters are shown in
Table 3 (Pg. 39). It should be noted that there
could possibly be an overlap of PCM and REM -1
structures.
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2.2.5.4 SEM Cross-section Array. A SEM cross-section
array is a collection of structures arranged in a
manner to allow a single cross-section to reveal
maximum information about a processed wafer.
Since all possible structure cross-sections would
be revealed, this would permit the
characterization of the process in a minimum
amount of time. Micro sectioning procedures are
well known and can be practiced by all
foundries. The array is located on the PCM and
can also be placed on the REM gr each M2 die,
if space permits.

2.2.5.4.1 Application SEM Cross-section Array. Ideally, a
SEM cross-section array evaluation should be
applied to each wafer, if it is to be consistent
with the philosophy of wafer acceptance. This,
of course, would be unrealistic, since B
cross-section analysis is a lengthy process. A =
more practical approach would be the random
selection of a sample PCM, for cross-section
evaluation, from the accepted wafers (lot). If
the cross-section meets all requirements the lot

v
A

» . _»
PR
.

1

6 \
-
~9 R L P Ny R .‘_' RS ’-‘,,‘*’.’ e
R e e Ll :
»® P

w-\-. PN

‘)

R ety

i" o - .
*»‘r el

................

3 A - P FNENN,
{'&: \‘-{ ‘-ﬁ‘u -J.'bv '.“EN';‘- '_': DAY r > .n}'.ls."j.‘ﬁ‘ D i‘.il-l_-.AA.A.;l‘_i}gm)g"_"“_"‘_"’_f. SIS DDA N




¥
o e

[ - & .
4 IO

A AL

) ] ';' l:"
3 'lu DA
T AN
PPN

QL
J ]

P |
P
s

‘e & 4,

PRI INTAPRY

TSy
LRI
-

NG
N E ]
r s n
2"t

|‘. .'

»
g,

~
..
o
‘.
* -
L]

is accepted. If the cross-section does not meet
the requirements the lot is rejected. However,
as an alternative to rejecting the entire lot,
the manufacturer may choose to evaluate the
cross-section on an individual wafer basis.
Using this procedure, a wafer which meets the
cross-section requirements would be accepted.
Those which did not meet the cross-section
requirements, would be rejected.

In addition to the above, a SEM cross-section
inspection test method, similar to 2010, must be
qgenerated, for each technology. Inspection
criteria for each thin film, diffusion, and its
profile would have to be written. This would be
a very complex specification and probably a
larger issue than sample selection criteria.

2.3 Manufacturer and Line Certification Procedures for

2.3.1

VLSI/VHSIC Assembly (Appendix A3).

Background. This proposed procedure is intended to

supplement existing (MIL-STD-976A) procedures for
purpcses of certifying VLSI/VHSIC assembly lines.
Appendix B of the proposed procedure details specific
requirements for certifying large area die attach,
wire bonding, assembly cleaning and sealing
processes. Appendix C proposes procedures for
certification of tape automated bonding (TAB)
fabrication processes. Certification procedures are
included for the following:

Passivation Evaluation and Wafer Preparation
Barrier and Field Metal Deposition
Photolithography for Bumping

Bump Electroplating

Inner-lead Bonding

Outer Lead Bonding

Package Seal
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The TAB process certification procedures represent the
first attempt to define TAB process controls for
military and space hardware, and should provide the
basis for discussions between the government and
military suppliers involved with TAB processes for
both board and hermetic package assemblies.

2.4 Certification Procedures for VLSI Microcircuits Facilities
and Lines (Appendix A4).

2.4.1 Background. The intent of the proposed procedure is
to provide a plan for baseline certification of
VLSI/VHSIC manufacturing facilities, in a format
similar to MIL-STD-1772. The current procedure
(MIL-STD-976A) audit requirements (contained in
Paragraph 4.1.2) state: "...the purpose of the audit
is to determine that the controls imposed on
manufacturing, inspection, and testing of JAN
microcircuits are sufficient to assure conformance
with the requirements of MIL-M-38510 and this
standard”". This requirement is not sufficient to
insure that the manufacturer can produce high
complexity, micron/sub-micron devices with consistent
yields. A uniform method is required for evaluating a
manufacturers' capabilities to produce parts with the
same electrical parameters to a given set of design
rules.

We have proposed specific methods in the Vendor
Validation Procedure (see Appendix Al, Sections 5,6,
and 7) that could be used for the process capability
demonstration requirements. It is not intended, nor
possible, to impose standard test structures to
demonstrate process capability. However, the
requirements for the type of physical and electrical
parameters to be measured on the test structures, and
the measurement methods, should be met by the
manufacturer's own test structure(s). Verification of
the conformance to these requirements will be part of
the pre-survey audit by the certification team.
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The use of CAM for data analysis and die/wafer
tracking has been proposed as a part of the Wafer Lot
Acceptance procedure. The assessment of the vendor's
use of CAM has been included, therefore, in the line
certification requirements. The sections immediately
following provide some quidelines for auditing the CAM
capabilities of the supplier.
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3.

COMPU

TER AIDED MANUFACTURING (CAM).

3.1 Background. An understanding of the application of CAM

3.2

equipment and facilities controls to VLSI/VHSIC fabrication
is required in order to establish guidelirmes for government
assessment of potential suppliers capabilities. This
section describes the principle areas of application.
Typical data outputs from ITT Semiconductors CAM systems
are in Appendix B.

Data Acquisition and Analysis. Data taken at every

3.3

3.3.1

measurement /inspection step in the process flow sequence is
put into the computer terminal, with wafer lot and
individual wafer identity. Computer programs for plotting
statistical data (mean value, range, standard deviation,
etc.) provide charts for statistical process control (see
page 124) and can be used to prevent lot movement if data
is out-of-specification (when tied into a wafer tracking
system (see 3.3)).

Wafer Tracking System (WTS). This is a computerized system
that performs the following functions:

Controls each lot's movements to insure that wafer
lots complete each process step in proper sequence.

It does this by printing out a step traveller (see
page 126) sequentially after each major process step
is completed. A step traveller will not be issued
unless the previous major step has been completed, and
data (if there is a data input requirement) is within
specification.

3.3.2 Prints out key process parameters/operator

instructions for the particular lot, and process.
Typical parameters are: equipment identification and
program identification, sampling plan/accept reject
limits for tests, flow sequencing for test wafers,
mask level identity and revision letter (for photo
steps).

10




3.3.3

3.3.4

3.3.5

3.3.6

3.3.7

Controls (limits) photomask usage and issue. The
computer tracks and limits the number of times a
photomask can be used before cleaning or replacement.
For critical aligmments, it may be programmed to
specify the individual aligner to be used for a
particular mask level and/or mask serial number.

Verifies equipment maintenance and calibration. This
utility compares preventive maintenance and
calibration schedules for every production equipment
with actual performance dates and prevents a lot from
being processed with eguipment that requires
preventive maintenance or calibration. Another
safeguard is provided by equipment status flags that
prevent lot processing through equipment in "down"
status. (Microprocessor-controlled equipment may have
this flag built into the software programs).

Reworked lot control. Allowable rework on discrepant
lots (or serialized wafers in a lot) is defined as an
alternate path in the wafer process sequence. Sublots
can be created, rework travellers issued for the
rework processing, and lot hold provided for remaining
wafers.

Tracks status of wafer lots in process. This is a
production control function that identifies *“e number
of wafer lots/wafers at each major process sten, the
total number of wafer moves, the total number of
wafers in process (WIP).

Provides lot history. Documents complete lot

history: starting material, levels and serial numbers
of masks used, material review board (MRB)
documentation (see Par. 3.6), causes of wafer dropout,
rework history, critical dimensions and parametrics
summary.
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3.4 Facilities Controls. A computer is usually dedicated to

4 monitoring and control of facilities required for
b manufacturing. The intrinsic defect density of the
Lo starting wafer material, plus the contributed defects
.s: caused by handling, processing and the environment are
- major determinants of device yield. Continuous facilities

X controls and monitoring of critical process areas, are
T essential requirements for successful device manufacture.

o The types and locations of typical environmental monitors
zé are shown in Table I.
)
‘F.
p2 TYPICAL ENVIRONMENT CONTROLS
. TABLE I.
o~
N LOCATION TEMPERATURE HUMIDITY AIR FLOW PARTICLE COUNT
i Thin Films X X X X
“ Photo X X X X

Furnace X X X
. Ion Implant X X X X
,E Air Lock X X
N Gowning Area X
~: Pre-filter X (1)
- Hepa-B X (1)

Etch X X X
I~ Probe X X
;f NOTE (1) - Pressure Drop Monitor.
o
» 3.5 Gas/Deionized Water Monitoring. In-line sampling of moisture
- content in gases used in critical processes (except for ion
: implant) and deionized water parameters can be tied into a
N control computer for real-time monitoring and alarms for
- out-of -specification conditions. Water parameters that can be
L monitored automatically are resistivity, silica content, and
- particulates.
? §
b
17,
o

:;l? 12




3.6 Discrepant Material Documentation. Documentation of cause,
disposition, and corrective action on non-conforming
work~in-process should be part of the CAM system. Computerized
sort programs allow supervisors and management to spot
equipment, people and processes causing repetitive problems.
When tied into the wafer tracking system, discrepant lot
movement can be halted for the Material Review and resumed
after satisfactory disposition (by controlled access
personnel). This system is currently used by ITT
Semiconductors (a typical printout of a complete material
review action is shown on page 123). The sort programs also
aid in yield and failure analysis.

3.7 CAM Equipment. Closed-loop CAM equipment is used in many

. critical wafer processing steps in VLSI manufacture. In closed
loop control systems, the key processing parameters are
monitored and electrical signals generated that provide
automatic corrections of operating conditions when they exceed
pre-programmed limits, or equipment shut-down when the
end-point of the process is detected. Examples of CAM
equipment with closed-loop process control systems are furnaces
for thin film deposition/doping, reactive-ion etching and
stripping equipmment and metallization systems. Alarms,
lockouts to prevent insertion of wafers into equipment that is
not within programmed operating limits, are also features
incorporated into most state-of-the-art CAM equipment, with or
without closed-loop controls.

Process control in closed-loop systems can be critically
affected by the accuracy of the sensors that provide the
process correction, or termination signals. Maintenance of
calibration of these sensors may not be technically feasible
when no traceable standards exist, or economically justificable
when downtime of non-redundant equipment cannct be tolerated.

Other techniques to determine when CAM equipment is not

7 providing the required degree of control are essential. The

7 most important is, of course, statistical process control.
Proper application of statistical controls to detect non-random
causes of process deviations can be used to flag the need for
equipment maintenance and calibration.
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4. STATISTICAL QUALITY CONTROL (SQC)

- 4.1 Process Control. Precision controls are required on thin
-~ films, mask geometries/defects, critical dimensions on both
- masks and wafers, photolithography and implants to achieve
\ even minimum yields in VLSI/VHSIC wafer processing.

:A) Statistical process controls must be maintained on all

gty critical process steps.

f:i There are SWQC software packages commercially available to
;~} plot and analyze process control charts. Data for plotting
be may be entered manually, or can be input automatically from

the measurement tool or test eguipment. The optimum

-~ arrangement, however, is to imput the SQC data into the CAM
.jx system. If wafer tracking system software is designed to
o process this data, then guick feedback is available on
ﬂjb process trends, tooling or equipment problems. Alarms can
AN also be built into the system to warn when data points are
‘!7 outside warning or control limits, or when data patterns
=S indicate corrective actions are required on process and/or
L equipment.
S 4,2 Indirect Monitoring Applications. Sometimes the
wy measurements made at the conclusion of a process provide an
- effective means for monitoring the inputs to it.
\;3 Continuous monitoring of gases used for thin film
-t depositions (e.g. - nitrogen, oxygen used in gate
%14 oxidations) requires expensive equipment, that is also
f{j costly to maintain and calibrate.
:). Time-sequential control charts of gate oxide thickness can
- be more effective indicators of variations in gas moisture
e content or gas flow rates than the input monitor(s).
}ﬁﬂ Another example is the use of wafer mapping of threshold
ke voltage/resistivity to verify uniformity of implant
i dose/energy patterns across the wafer.
- 4.3 Process Validation and Yield Enhancement.
t;} 4.5.1 Mapping of wafer functional test data can identify
:ﬁg repetitive zero-yielding sites caused by mask defects.
o >
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4,3.2 Mean and standard deviation data from process
validation module test parameters show process
reproducability from lot-to-lot and from
wafer-to-wafer.
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4,3.3 Analysis of wafer electrical test data from highest
and lowest yield wafers in a lot (high-low analysis)
is a powerful tool for yield enhancement engineers.

T
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4.4 Incoming Wafer Control. Requiring vendors to provide SQC
data taken on the batches/lots comprising the shipment can
reduce or eliminate duplication of inspection. Acceptance
of incoming wafers without sampling inspection could be
based on yield history as well as vendors data. This >
requires that the wafer supplier's identity be maintained L
on each wafer lot. O
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5. GUIDELINES FOR ASSESSMENT OF CAM FACILITIES

5.1

5.1.1

5.1.2

Baseline Control. The manufacturing baseline defines the

manufacturing steps, both major and minor, the critical
parameters to be mon-tored and controlled, (with limits
defined), the degree of monitoring required (sampling
plans), the process monitors and their degree of
monitoring. Typically, a flow chart is used to show the
sequential process steps, inspection and measurement
points, and process identification numbers. A lot or step
traveller provides the operator instructions required for a
specific process.

In CAM manufacturing facilities, part or all of the
manufacturing baseline is defined in computer software.
The control and maintenance of the manufacturing baseline
is dependent on the degree of control of the software (and
firmware) that defines the manufacturing process. How a
manufacturer monitors and controls access to the
manufacturing database must therefore be an important part
of CAM facilities assessment.

Process Specifications, Access and Change Control.
CAM system access to change processes, operator
instructions, inspection, test parameters and mask
tooling, must be defined and controlled. Records of
changes, who made them, and authorization for change
(process—change authorization number) should be
automatically recorded. Access should be restricted
to authorized personnel only. Software security must
be zealously guarded. Software should have positive
means to prevent unauthorized changes (as a minimum,
the process-change authorization identity should be
required.)

CAM Equipment Change Control. Program changes made by
keyboard entry are vulnerable to uncontrolled

changes. Methods of controlling access to changes and
verification of process parameters should be part of
the CAM facilities assessment. Program identification
should be part of the manufacturing baseline and be
automatically printed on the lot traveller.
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5.1.3 CAM Configuration Control. The identification of the
mask tooling is part of the manufacturing baseline.
The revision status of a set of mask tooling should be
a unique code that reguires modification any time any
mask in a set is revised. Baseline manufacturing
processes, and their variants, should also be uniquely
identified to minimize errors in manufacture. Process
modifications to optimize yield for a specific device
must be uniquely identified in computerized wafer
tracking systems and tied in with the device number on
the travellers.

5.2 Facilities Controls

5.2.1 Clean Room Air. Facilities Controls should be part of
the CAM system. This will facilitate real-time
monitoring (usually by multi-point sampling of
critical processing areas) of air temperature,
humidity, and particle count. Verification of proper
air-flow rates and positive air pressure in the
clean-room, air-locks, and gowning areas should be a
documented part of the facilities maintenance
procedures.

5.2.2 Deionized Water. Water resistivity monitoring should
be continuous at the source and should be tied into
the computerized facilities monitoring system for
alarm and facilities shut-down. Periodic verification
of silica content and bacteria count should be part of
the plant maintenance procedure. Resistivity
monitoring at critical points-of-use should be
incorporated in the process procedures.

5.3 Data Entry. Data entry of in-process measurements intended
for process contrnl must be protected from unauthorized
change. If lot-movement is dependent on computer
verification of process parameters, changes in specific
limits should be subject to the quidelines in Paragraph
5.1.1.
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5.4 Discrepent Material Review. Discrepent material
disposition should be a part of the CAM system input.
Satisfactory disposition by authorized personnel should be
required as a system entry before lots can be moved to the
next processing step. Computer verification of wafer count
(number waived, number scrapped, number reworked) after
disposition should be included in lot movement control.

A

5.5 Data Tracking. The CAM system should be capable of
maintaining individual wafer identity through the entire
wafer manufacturing, test and assembly operation. Ideally,
the output of the wafer test (D.C. parametric, functional
probe) should also be part of the data tracking system so
that any data taken as part of in-process control can be
correlated with parametric and functional probe data.
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6. CONCLUSIONS AND RECOMMENDATIONS -

S
The existing procedures for microcircuit screening and qualification N
(Methods 5004, 5005, MIL-STD-883C) are no longer adequate for %

insuring the reliability and uniformity of VLSI/VHSIC Devices. The
rapidly increasing circuit density of those devices makes 100% die
visual inspection an ineffective and costly screening procedure.
Burn-in screening is still the most effective reliability screen,
although it is becoming more and more difficult and costly to define
circuitry to effectively stress all the critical device modes.
Reliability Evaluation Module (REM) Testing at the wafer level,
discussed in this report, will supplement burn-in as a reliability
screen. However, extensive studies must be performed to correlate
failure rates of WLSI/VHSIC Devices screened by burn-in with REM
testing. We have proposed, and recommended, that the REM structures
be used as part of the wafer acceptance tests, but leave open their
use as substitutes for circuit burn-in or life test.

Inherent in this study of quality procedures was the assumption that
as chips approach the complexity of whole systems, the reduced chip
volume required could be produced primarily by silicon foundries,
either independent or subsidiaries of merchant manufacturers. We
recommend the procedures proposed in this report for evaluacing and
certifying these foundries form the basis for modification of the
existing MIL-STD-976A line certification method.

We have also proposed as a replacement for the existing Method 5007
(MIL-STD-883) a wafer acceptance procedure that incorporates
reliability screening, process quality evaluation, and electrical
parameter testing of each wafer in a lot. Consideration also should
be given to use of this procedure as a substitute for some, or all,
of the screening requirements of Method 5004, MIL-STD-883. This
would require agreement on a Reliability Evaluation Module (or chip)
and test insert structures to be inserted in product wafers.

We also recommend that the guidelines for the evaluation of
computer-aided-manufacturing (CAM) facilities generated in this
study be incorporated into a revised line certification procedure.
The use of CAM is an essential requirement for manufacturing control
as well as quality assurance. The extensive data tracking and
analysis required for the proposed wafer acceptance procedure
mandate the use of computerized lot tracking and wafer testing.
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VENDOR VALIDATION PROCEDURE s
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po VENDOR VALIDATION PROCEDURE i
L :.‘
S Ry
L :
;ﬁ? 1) Scope ]
b s 2) Technology Assessment =
Ay 3) Process Specifications .
! 4) Electrical Specification -
e 5) Validation Procedure .
o 6) Validation Methodology 1
. 7) Wafer Foundry Vendor Acceptance Criteria .
i .
o b
S 1.0 SCOPE
"t? 1.1 Purpose: This standard defines the procedure for selecting a
;!ﬁ wafer foundry to manufacture VHSIC type MOS custom or
= semi-custom integrated circuits. N;
s 2.0 TECHNOLOGY ASSESSMENT \
- -
2.1 Purpose: This procedure describes the method for evaluating a :ﬂ

vendor's technology compatibility and manufacturing capability.

2.2 Design rules: The design rules define the characteristics of ﬁ
the technology and the guidelines for mask layout design. Tt Lj
should contain the following: o

2.2.1 Description of the process steps and functions of each
mask layer.

2.2.2 Process specifications which define the junction depth,
sheet resistivities, intermediate oxide thicknesses and '
interconnect conductive layer thicknesses.

2,2.3 Electrical parameter specifications which define the
essential device design parameters such as threshold
voltage, breakdown voltage, transconductance, junction
capacitance, body effect, field device threshold voltage,
etc.
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2.2.4 Geometric layout design rules which define physical
& dimensions and their relationships to neighboring elements.
Y
k. 2.2.5 Mask alignment sequence and its allowable tolerances.
194
\5 2.2.6 Mask polarity and sizing requirements.
]
N 2.2.7 Guidelines relating to packaging and handling.
3
\jh 2.3 Maturity: This section defines the method used to assess the
¥5 maturity of the technology.
O
2.3.1 Starting date: The date the technology development program

& started.
.

(o 2.3.2 Completion date: The date the technology development

-:} completed, fully documented and ready to be transferred

o from development laboratory to production line.

o

Q; 2.3.3 Characterization data: Complete process characterization

-~ information will provide the characteristics and guality of

o the technology.
o5

. 2.3.4 Technology transfer history: When the technology transfer

. occurred and completed.

:: 2.3.5 Production history: When was the first product delivered

- and how many products have been delivered and at what

S volume.
< 2.3.6 Production status: How many products using this technology

> and how many more devices are in design.

:fj 2.3.7 Yield history: What is the line yield and net product

ﬂd yield and its corresoonding defect density.

% 2.3.8 Future plan: Wwhat is the plan for technology upgrade and
‘Ti yield improvement.
:fﬂ 2.3.9 What is the life expectancy of the technology.

o

) 2.4 Capacity: This section defines the method used to assess the

vendor's manufacturing capacity.
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2.4.1

2.4.2

2.4.3

2.5 Facility:
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Line capacity: The throughput of the wafer fabrication

line such as the

size of the wafer, the output number of

wafers per day or per week, etc.

vvvvvvvv

Line yield: The number of good wafers versus the number of

wafers started.

Technologies: How many different type technologies are
running through the same fabrication line.

Utility and facilities required to support volume

Office space: Includes administrative and engineering
office, laboratory and library, etc.

Clean room: Area of dust free clean room and its

Equipment: Age and condition of the manufacturing

Test facility: Type, condition and capacity of the test

Packaging facility: What type package the vendor's
equipment can handle and what is the capacity. Is the
equipment automated or semi-automated.

Reliability facility: The burn-in oven, shock test,
radiation test, ESD test and SEM equipment and its

Material control facility: Incoming inspection and control
of all the materials such as silicon wafers, masks,

The type of equipment used for inspection

and the method used for control and distribution of the

manufacturing.

2.5.1
2.5.2

classification.
2.5.3

equipment.
2.5.4

equipment.
2.5.5
2.5.6

condition.
2.5.7

chemicals, etc.

materials must be evaluated.
2.5.8

CAM facility: The ability of using computers to assist in
manufacturing such as wafer tracking, process control, data
acquisition and data analysis.
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3.0 PROCESS SPECIFICATION

3.1 Purpose: This specification defines the process technology and E:
its characteristics. 1t will be the most important document X
used for wafer foundry vendor selection. ii
. , . . _
3.1.1 Starting material: Defines the material type, crystal 7
orientation and its resistivity or concentration. )
3.1.2 Wafer specification: Defines the thickress, size and :ﬁg
flatness. e
-nd
3.1.3 Mask layer: Defines the function of each mask layer and zj
o its critical dimension. o~
ﬁjﬁ 3.1.4 Aligrment: Defines the mask alignment sequence and its ;ﬁ
N tolerance. Visual test patterns are used to determine N
(8 actual tolerances for a wafer.
[
- 3.1.5 Intermediate oxide and conductive layer thicknesses: Field
Lo, oxide, intermediate oxide, passivation oxide, poly and
O metal thicknesses can all be measured visually by a SEM
< cross sectional analysis or equivalent means. Field oxide
"y thickness should be measured between minimum spaced active
. areas as well as in open areas free of active regions. In
A addition, gate oxide thickness can be obtained by
LD conventional electrical C-V measurements.
“Eﬁ 3.1.6 Junction depth: All diffusion junction depths may be
: measured by use of a spreading resistance probe test or
) equivalent. Accuracy of the spreading resistance probe
g measurement depends critically on the measurement accuracy
- of the angle of cross section.
-ﬁg 3.1.7 Junction leakage: Defines the PN junction leakage current
o under reverse bias condition. This can only be measured .
;Jj using very large junction areas. -3
L ?{
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3.1.8 Diffusion, poly, and metal sheet resistivities: Sheet
resistivities for all diffusions (N+, P+, p-well,
n-well), poly (first level poly doped N+ or P+, second
level poly), and metal layers may be measured using a
Van der Pauw cross resistor (Reference: Buehler,
M.G., S.D. Grant, and W.R. Thurber, "Bridge and van
der Pauw Sheet Resistors for Characterizing the
Linwidth of Conducting Layers," J. Electrochem. Soc.,
125 (4), 650-654 (April 1978).) or equivalent
structure. Care must be taken to ensure that the
current density does not create abnormal thermal
stresses.
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3.1.9 Contact resistance: A Kelvin contact resistance
structure should exist for each possible contact type
allowed by the design rules (typically metal or metal,
metal to poly, or metal to diffusion). Care must be
taken not to exceed the current density specification
of the contact geometry.

3.1.10 Line/space measurement: Each layer should contain
patterns which can be measured by a SEM cross
sectional analysis or equivalent means to ascertain if
all critical dimension specifications are met.
Alternatively, for conductive layers, a weli defined
Kelvin resistor geometry in conjunction with an
accurate sheet resistivity can be used to calculate
the line width and spacing. A split-cross bridge
pattern can be used for this purpose.

All metal and poly layers should also contain
structures reflecting the minimum pitch allowed in the
design rules.These pitch tests should contain worst
case steps and topological conditions. The integrity
of each line should be verified and the absence of
shorts between adjacent lines checked. This may be
done electrically or visually.

Ay D

4.0 ELECTRICAL SPECIFICATION
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"

v 4.1 Purpose: This specification will define the electric

- parameters which will be used by the design engineer for

'q chip design and also will be used as a measurement of wafer
= acceptance criteria.

%ﬁ 4,1.1 The following list contains electrical parameters

o which should be included. For each parameter, typical
. test conditions are given. All parameters tested
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should be performed on minimum geometry devices unless
specified differently by the design rules.Test
temperature condition for all parameters is room
temperature (259 C) ambient.

Electrical Test
Parameter Conditions Procedure
Threshold Ves = VYps A series of Vg measurements
Voltage Vgg = 0 volts are made for various Ipg
(V1) V1o = Vgs at values. Using the equation
Ips =0 A Ips = (K'W/L)(Vgs-V70)2,
V1o is extrapolated as being
VGS for IDS =0 A.
Body Effect Vgg = Vpg A series of VT (Vgg) measurements
() Vg = 0 volts are made for various Vgg values. .
VT (Vgg) defined Using the equation: ;
as Vyg above, V1(Vag) = Vig(Vgg = 0) + ;
except Vgg is not (Vs + PHI; - +/PHT ) L
constrained to O The body effect, g , is found <
volts. PHI = strong from the slope of the plotted .
inversion = .6 to .65 values. 4
volts. N
R
Punch Vgs = Vs = The punch through breakdown j
Through 0 volts voltage is defined as that drain .
Breakdown Vps is varied. voltage which causes Ipg = 10 &« A E
Voltage to flow. a
(VepT) ;
Jdunction p side of junction The junction breakdown voltage is A
Breakdown is biased negative defined as that reverse biased -
Voltaqe with respect to Junction voltage which causes 5
(BVpy) the n side of 10« A to flow across the junction. %
junction, -

e,

26




Electrical Test

Parameter Conditions Procedure S
Field Vop = Voo The field threshold voltage is Ry
Threshold Vog = 0 volts defined as that Vgg value which "
Voltage Vgsis varied causes Ipg =1 A to flow. An o
(V1F) alternative approach is to force :
Vgs = Vpg and Veg = O volts. s
Then, v F is defl -

ned as the V K
value which results in IDS ?S A

to flow. This alternative oy
approach measures the lowest of O
punch through breakdown,
junction breakdown, or field
threshold.

Transconductance “
(gm) Vgs = V ? (to The transconductance in

be specified) saturation is found using the v

Vgg = 0 volts equation gy = 2-wf~/L)K' 108 e

wherein a fixed specified Vpg by

value determines the hias point o

of the device. L

Effective Vps = 0.1 volts To measure effective channel
channel Vos s> VT length, the channel conductance R
length Vgg - O volts (ID/VD) is measured for a ey
and width set of gate voltages in the A
(Lerr, Werr) linear region for two or more
transistors of the same width
but with different lengths. '
The channel resistances ar= PG
plotted against the drawn o
channel length. The projection 4
of the intersection pnint of ’
these lines on the channel .
length axis is the o
<Al = Larawn = Lefr, :
Effective channel width can -
be determined the same way
using transistors of the same
length but varying width.

..........
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5.0 VALIDATION PROCEDURE

5.1 Purpose: This procedure defines the methcdology used to
verify the vendor's process against a set of process and
electrical specifications.

INPNDARAE bt hiar ! SR

5.2 Historical data: The easiest and most economical way to
validate a vendor's process is to use the existing
historical data. The necessary data should include the
process characterization report, yield data, and
reiiability data.

5.3 Process Control Monitor Data: If the technology is new or
there is no historical data available, then the vendor's
in-1line process control monitor data can be used for
validation purposes provided that all the essential process
and electrical parameters can be measured from this
monitor. The disadvantage of this method is the lack of
guantitative and statistical data.

5.4 Specific Process Validation Module (PVM): A specially
designed process validation module which contains all the
test structures to verify process and electrical
parancters. A Reliability Evaluation Module (REM)
acceptable to the procuring activity must be incorporated
in the test structures as part of the certification
process. This PW should have the following
characteristics:

5.4.1 All essential process and electrical parameters must
be testable.

5.4.2 Ease and speed of testing must be emphasized for
automated test environment.

5.4.3 CAM capability for data analysis and tracking must be
available. -
5.4.4 Test devices must be accessible for assembly. i-ii

5.4.5 All test data including packaged devices must maintain 1&.}
the wafer number and lot traceability.
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! 5.4.6 A commonly used electrical and process parameter
.- measuring method is defined previously in Sections 3 i
L and 4. L
“-_, - 1;
e L.
~j¥ 6.0 VALIDATION METHODOLOGY j
d " -.
V) 6.1 Purpose: This section defines the method for using a
o specific PW to validate a vendor's process. The
"3 procedures defined in Sections 5.2 and 5.3 are, in effect,
"o . .
A comparing a collection of data against a set of
- specifications which is very similar to this section.
"
6.2 Validation methods:
'k? 6.2.1 Design or select a specific PWM,
jf: 6.2.2 Generate a dedicated mask set which contains only the
YN specific PWM.
o
W 6.2.3 Fabricate three lots of wafers at two to four week
;{: intervals. Each lot should have a minimum of 10 wafer
h starts.
< 6.2.4 Test all wafers and collect the data. All data must
maintain the traceability to die location.
i:\-
A 6.2.5 Assemble a minimum of 40 devices from each lot and
s maintain the traceability.
jﬁ 6.2.6 Perform temperature and stress test per process and
t,) electrical specifications.
L)
o 6.2.7 Collect the temperature drift data.
"‘L-. . 3
N 6.2.8 Perform ESD and other reliability test per the
e reliability requirements defined in the Wafer Lot
|ﬁ Acceptance Procedure.
;33 6.2.9 Conduct data and failure analysis.
9 .:Q_‘
' 6.2.10 Summarize results and compare with the process and
¥, electrical specifications.
e
1 ;:
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7.0 WAFER FOUNDRY VENDOR ACCEPTANCE CRITERIA:

7.1 Purpose: This section defines the criteria used to select
or reject a wafer foundry vendor. While analyzing the test
data, some of the extreme data should be statistically
eliminated to minimize the error on mean value and standard
deviation calculations.

7.2 Acceptance Criteria:

7.2.1 All parameters mean value (plus or minus two standard
deviations) must be within the specified range.

7.2.2 All wafers must have at least 70 percent of the tested
devices meet the process and electrical specifications.
7.2.3 Each wafer lot must have a minimum of 70 percent line
yield.
7.2.4 Two s-andard deviatinns of threshold voltage (see
examsle below) on the same wafer must be less than 100
mv.
A
Number
of
Die
<100mVY
<100mV
{
|
{
r !
l ' T\\\\\\‘;
— i ] I - _>
! ——
| + 1 Std.
I deviation |
!
_ J
I 4
+ 2 Std. deviation
™
L -1
7.2.5 Two standard deviations of threshold voltage (see "
example above) between wafers must be less than 250 mv.
7.2.€ The threshold voltage drift after stress must be less

than 200 mv.

30




et el ek gdie bRal Aat et lat g ¥ Ra St

APPENDIX A2

PROPOSED WAFER ACCEPTANCE PROCEDURE
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PROPOSED WAFER ACCEPTANUE PROCEDURE

1.0 SCOPE

wWafer Acceptance Testing shall be performed on all approved wafers
(met all quality criteria during fabrication) from each lot.

Lo

’l
Dl

2.0 WAFER EVALUATION REQUIREMENTS

,Cets el
DO N
. .

o
i
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Al A d A4 A

There are five phases to Wafer Acceptance:

. Process Control Monitor (PCM) or Drop-in circuit Test
Test Strip Test (in Kerf)

Complex Monolithic Microcircuit (CMZ) Test
Reliability Evaluation Monitor (REM) Test

SEM Cross-section Array Evaluation

Refer to Flow Charts Figure 3a and 3b.

(R

U’\J_\\Nr\)»—'

Note: The following procedure will assume packaged REM

o evaluation Figure 3a.
- 2.1 PCM Evaluation N
L. ) . -w
- tach PCM die on a wafer shall have parameters, listed in Table '};
1, tested to the applicable specification. Electrical test Ay
parameters, values, limits (including deltas) and conditions, -
shall be specified in this specification. o
T
2.1.1 PCM Pass/Fail Criteria ;h
A wafer is considered as Passing PCM Tests, if all PCM )
parameters listed in Table 1 have met the specification in i

all five (5) PCM locations on the wafer. This wafer may
then proceed to CM2 test (2.3).

Ay
AN

LI I 4
' o X

2

A

A wafer is considered as failed and rejected if any one
parameter fails at all PCM locations on the wafer. No
further tests would be performed on this wafer. This
failure is defined as a "killer defect".

.

]

If a wafer fails one or more parameters on a P(M, but on a
combination of all 5 PCM's passes all parameters, the
manufacturer, as an alternative to rejecting the wafer, may
elect to use the test strip evaluation procedure (2.2).
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- 2.2 Test Strip Evaluation
o
oy A wafer submitted to this test must have all test strip
3 parameters listed in Table 2 tested to the applicable
‘$$7 specification. Electrical test parameters values, limits
L3 (including deltas) and conditions, shall be specified in
;TR this specification.
P
4&% 2.2.1 Test Strip Pass/Fail Criteria
L b
g
'Q” A wafer 1is considered as passing Test Strip tests if
Wl 25% or more of the test strips pass all parameters.
v This wafer shall be mapped with all M2 die adjacent
o to the passing test strips identified as candidates for
aiﬂj CMZ test. Since there are test strips on both sides
e of the CMZ die, both test strips must pass all
o parameters for the M2 die to be a candidate for
w10 electrical testing. The remaining die adjacent to
d failed test strips shall be identified as not
“;ﬁ‘ acceptable as CM<Z die and are not required to be
o tested.
k:i A wafer is considered as failed and rejected if less
T~ than 25% of the test strips pass all parameters. No
- further tests will be performed on this wafer.
’ _.: -
o 2.3 CMZ Test
n_.}:
" OMZ die shall be tested to the applicable specification.
e Electrical test parameters, values, limits (including
- deltas) and conditions shall be spec1f1ed in the
. specification. All M2 die shall be tested on a wafer
- which passed PCM test criteria (2.1.1). A wafer which
S passed test strip criteria (2.2.1) shall have only the M2
‘;;; die identified for CM? test, tested.
Al
' - All die which pass (MZ test shall be identified as
itﬁz available die for packaging.
4 - R:g
hiH This wafer can now be diced with all identified good die
{,€~ placed in storage until Reliability evaluation is completed.
[l %L
s
b
..
{ “-'.:
A
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2.4

2.4.1

2.6

REM Evaluation

The five (5) REM die from a wafer shall be packaged tao the
applicable specification. Each REM die shall have the
parameters, listed in Table 3, tested to the applicable
specification. Electrical test parameter values, limits
(including deltas) and conditions shall be specified in
this specification.

REM Pass/Fail Criteria

A REM is considered as passed if all REM parameters
have met the applicable specification. A REM is
considered failed if any parameter does not meet the
applicable specification.

Wafer Accept/Reject Criteria

A wafer which had all five (5) REM die pass the REM
criteria (2.4.1), shall be considered acceptable. A wafer
which had any REM die fail the REM criteria (2.4.1) shall
be considered rejected. All passed CMZ die in storage,
associated with this wafer are considered rejected and
cannot be packaged.

SEM Cross-section Array Evaluation

2.6.1

A single PCM die shall be selected at random from the
accepted wafers which remain from the Lot after all have
completed the wafer evaluation requirements. This PCM will
be cross-sectioned through its cross section array. The
cross-section will be evaluated to the applicable
specification.

SEM Cross-section Array Pass/Fail Criteria

A Lot of accepted wafers from which a sample PCM has
met all cross-section requirements is considered
acceptable. All passed CMZ die in storage

associated with these wafers are considered acceptable
and can be packaged.

A tot of accepted wafers from which a sample PCM has
failed to meet the cross section requirements shall be
considered rejected. All passed (MZ die in storage
associated with this wafer are considered rejected and
cannot be packaged.
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2.6.2 As an alternative to rejecting all wafers in a Lot i{“:
which had its sample PCM fail the cross section -
requirements, the manufacturer may elect to evaluate 2%
a single PCM from each of the accepted wafers from *~$
the rejected Lot. 1In this case a single PCM o
cross-section evaluation will be applied to each iﬁ*
wafer. A wafer, from which the sample PCM has met Zﬁﬂj
all cross-section requirements is considered
acceptable. All passed M2 die in storage, Ao
associated with that wafer are considered acceptable S
and can be packaged. ALt
IS
A wafer from which the sample PCM cross~section has o

failed shall be considered rejected. ALL passed
M2 die in storage associated with this wafer are
considered rejected and cannot be packaged.

Pt e
